Transdermal delivery of insulin from poloxamer gel: ex vivo and in vivo skin permeation studies in rat using iontophoresis and chemical enhancers.
Gels are considered to be the most suitable delivery vehicle for iontophoresis, as they can be easily amalgamated with the iontophoretic delivery system and can also match the contours of the skin. Insulin was used as a model peptide for large peptides in the molecular weight range of 3-7 kDa. A gel formulation of insulin was formulated using poloxamer 407 and was evaluated by ex vivo and in vivo skin permeation studies in rat with chemical enhancer and/or iontophoresis. The poloxamer gel was physically and chemically stable during the storage period. In ex vivo studies, both linoleic acid and menthone in combination with iontophoresis showed a synergistic enhancement of insulin permeation. The plasma insulin concentration (PIC) was highest with linoleic acid pre-treatment, in agreement with ex vivo permeation studies, but the reduction in plasma glucose levels (PGL) was comparable to iontophoresis. Menthone pre-treatment resulted in rapid attainment of peak PIC, but the reduction in PGL was less than other treatment groups. There was no direct relation between PIC and PGL and is attributed to the fact that the action of insulin in mediated by a cascade of cellular mechanisms, before a reduction in PGL is observed. However, iontophoresis either alone or in combination with linoleic acid produced a reduction in PGL to the extent of 36-40%. A combination of chemical enhancers and iontophoresis caused greater skin irritation than when either of them was used alone.